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The facility sllowed wind tunpnel research Llnto
fields that could be most effectively lnvestigated
with full-scale models and actual aircraft. Until
1945 it wad the largest wind tunnel in the world.
“Drag cleantup tests™ performed hore on most World
Har II military alroraft migniflicantly Llmpreved
their performance, The facility wan uned to teat a
variety of vahicles Including military aircraft,
dirigibles arnd submarines. The original tunmal
daaign proved to be versatile and as tho otudy of
sarcdynanics advanced it was used to study handling
problems of hyperscnlc aircraft and space roentry
vahicles. In tha 19608 and 1970s tha ctunnel was
modified and egquipped for dynamic free-flight model
testing, When the [acility was closed in September
ef 1995, Lt wam MASA'e oldest cperating wind
tunnel. Hany achievements of the Amarican aercspace
lrndustry can ba traced to the asronautical resaearch
performed in the fyll-scale tunnel.

This docusentation was inltiated July 17, 199%5 Ln
accordance with a Memorandum of Agreessont with the
Hational Aeconauctics and Space Agency and che
Hathional Park EBarvice.
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This recording project is part of tha Historle
Amarican Enginsering Record (HMAER), & long-range
program Lo documant hlstorlcally eignificant
englnserlog and lodustrial works in the United
States. Tha HAER program is adminietered by the
Historie Aoeclcan Bulldings Survey / Hietoric
Amarican Enginearing Record Divislen (HABGE/HAER) of
the National Park Service, U. 8. Depactment of the
Intericr. Tha Mational Asrcnautics and Space
Aminilstration (MASA)} - Langley Research Center
Recording Project was cosponsored durlng the summer
of 1955 by HABS/HAER under the gensral direction of
John Burne, Deputy Chief, and by the Langley
Research Caenter, Paul F. Molloway, Diresctar.

The field work, measured drawinges, historical
reportd, and photographe were preparod under tha
direction of Exric N. Dalony, Chief, HAER, and
projaect leader Dean A. Herrln, PhD. Tha recozding
toam coneleted of Charlesa Y. Wang and Donald N.
Durst, Principals/Pactners - Hardlines: Design &
Dalinsation. Robart . Btewart, Industrial
Archasologlet, West Suffield, ¢T produced the
nistorical repert. Jeét Lows, MAER, was responoible
for large=format photography.

Others who bave contributed cheir cime, sdvica,
decunants and help were: Erad Ball (GIS Taam
Leadar); Cylar W. Brooks Jr. (ADYD Tranaonic
Aercdynamlca Branch); Charlie Debro (FST Bullding
Coeordinator)y Dana Ddnham (FET); Charles D. Harrio
(ADYD Transonlc Aervdynamics Branch)) Ron Hazvey
({Langley Ressarch Center Public Affairo Office)y
Rick Hoff (LaRC Photo Lab); Richard Layman
(Historical Program Coocdlnator); John Mouring
(Facllitiss Syetems Englneer); Gene Nutall [Towing
Tank Supervlieor); BlL1l1l Salyer (LaRC Photo Lab). Jay
Haravdekar, QIS Analyst, provided the UTH
coordipates for the Faclliey.

Pobert C. Stewart Jandary 1995

Langley Aesearch Cepter Llnformatlon sae:

HASA Langley FRasearch Cankar, B-Foot High Spoed
Wind Tunnal

HASA Lamgley Ressarch Canter, Seaplans Towing
Channal

HASA Langley Rasearch Center, B=Foot Transonic
Prosoure Tunral
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Introduction = Wind Tunmels as Rssaarch Toolst

Hankind has had an cbheeseion with flylng since the dawn of recorded history.
The legends of Tcarus and Daedelus provide evidence that the ancient Gronks
fantasized about soarling with the creatures of the alr., The anclent Chinese very
poeaibly dld sore than dream sbout flylng. The earliest specific description of
actusl flight In A manned klte octurs in 559 BC” during the reign of the Emparor
Fao Yang.

Lightar-than-alr machines offered ons way Lo become alrborne. The Montgolfler
brothers accomplished the first docussnted flight of a hot alr balloon on June 5,
1783 at Lyons, France. Thair work ultimstely led to passsngar carrying, lightec=
than-air craft, Some ploneering 19th-century asrcnaute studied the flight of birdse
and conflgured early flying machinas after bird-like etructures. Ornlthopters, am
thig clags of machine was called, falled missrably. Aviation‘s earliest inventors
quickly realired that they knew llttle about the forces actling on structures capsble
of tlight and it becams appacrent that a scientific inveetigation of these forces,
predominately llft and drag, was needed.

The earliest experimenterda had no sclentific data on which to base alrcrafk
deaigne. Te study Lift and drag, investigators needed instrumentation which would
guantlfy results of testing under controlled conditione. Those requiremente spawned
tha wierd tunprel, a tool which could mesasure the forces acting on an alrcraft and
Boagure its stability and contrellability. To this day the wind tunnal is still an
essantial doavice for the design and developnent of alreraft.

One of the largest concantratlons of wind tunnele for research,
axperinsntation and analysis Le at the Matlonal Asronautice and Hpaca
Rdminlestration's Langley Research Center in Hampton, Virglnla.

Flight Testing and Alrcraft Development:

The earliest aviation experimenters qulckly recognized that natural winds were
oo erratic and uneettled for svaluating their lnventions. The earliest test modals
ware mounted on windy ridges or in cave openings vhera relatively copstant windae
wara found. Both Leonardo da Vincl and Issao Newton understood that there weras two
ways of testing models. A prototype sircraft could be elthear propelled through the
Bir or a staclonary madel could be suspended in & moving alrstroam at the regquired
veloolty., Barly Lovesblgators used both methods.

‘Emperor Kao Yang who relgoed in Northern China batween %50 and 55% BC
exterminated his anamies by throwing them from the top of a 100 foot Cower,
“He caused them ... to be harnessed with great bamboo mata as wings and
ordered to fly to the ground.” By the conclusion of his relgn ha was
conotantly using condemned priscners as test pllots for man flying kites. One
prince of Wal wao able ko fly to tha ground successfully about two miles
away. Ha was racaptured and stazved to death®.
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The first machanical dovice for moving & test modsl through the alr was a
whirling arm. Benjamin Roblna (1707-1751) bullt a machine with & 4 foot long amm
which was spun by a welght and polley mechanlem. Roblns spun vacious shapes fixed at
differont orientations. He determined that shapes did not always have the same alr
redistance or drag, even though they pressnted the sams arsa to the alrstream. This
wasl at varlsnce with an earller Fewtonlan theory.

Blr Ceorge Calay (1783-1857) alwo used a whirling arm for his experimants. In
1804 Caley built s small glider that may well have been the first suoccessful
heavier—-than-alr vehlcla ever mads’., Caley designed several innovative fiying
models. However, his major contribution was the concept that 1ift and forward motlon
of an alrcraft should be traated as sepacste functioms. Thet is, an engine would ba
used te create forward motion; this forward motlon would consequently croate 1ife by
maans of an airfoil or wing, The separation of lift and forward motion was &
revolutionary concept and it direacted ressarch away from ornithopter condcapta.

Tha early exporimenters noted that the whirling arm davice was not without Lee
shortoomings. Aw the amm whirled, it would set the surrounding sir inte motlon.
Consequently, models always flew in turbulent alr and the relatlive velocity betwean
model and moving alr could not be determined. Better test devices wers nesded. The
improvemeants came in the form of & "wind tunnel."

Early Wind Tunsnalmi

A wind tunnel is sleply a tube or passage throegh whlch & stream of stabillzed
ailr le forced by & gropeller or fan. The wind tunnel i{s a form of analog computer
with which an engineer can optimise sircraft design'. A mcale model of the alreraft
to be svaluated is mounted in the test section of the wind tunnel. The effect of tha
alr stream on the asrodynamic qualitles of the model is monitored and measursd by
force sansors and teat instrumentation. The wind tunnel’'s ability to mocompllish
testing Ln a controlled environment rapldly made the whirling arm devices chsclete.

The aerodynamlc forcme acting on an alrcraft in flight are 1ift, drag and mide
force., The drag force ie a force oppeslte to the flight path, it retards the
alrcraft; the LLift and elde forces ace mt right angles to the flight path. Lift
counters gravity and is crucial o flight. The wind tunnel and ite ingtrumentation
are able to slzulete and medsuce these Forces.

Frank H. Whenham {(1B24=1%08) designed and oparated the First wind cunnel in
1£71. A skeam engine, upstream of the model, drove a fan which pushed alr down an 18
irch mguare tube to the model. Whenham's expariments indicated that at low angles of
incldenca, 1ift to drag ratios of airfoils wars relseivaely high, Approxisately a
ratio of 5:1 at a 15" angle of attack. With such wagnified Lift to drag ratios,
substantial loads could be supported. Whenham's ressarch aleo explored the effect of
aspact ratlo. Be found that long narrow wings contrlbuted much more 1ift than stubby
winge, even when the surface aresa was the sams. The pnext problem was detarmining
whathar esxperilmental results obtalned on a 1/10th scale modala could apply to a
full-sized alrcraft',

The wind tunnel was not the only mathod of acquiring flight characterietices.
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During the davelopmantal period of sclentific asrodynamica, oxperimental {nfocrmatlon
for resolving aercdynamic questions had been cbtained from Flight tests, drop tests,
rocket sleds, water tunnels, shock tubes, whirllng acrms, wvater tablaeas, rocket
flights, flying scale models and ballisktic ranges. Wind tunnels may be subsonio,
nearsonle, transonlc, supersonic and hypersonlc’. Thess facilltles are located sl1
over the world®, There are aleo speclal purposs wind tunnels for tastling alreraft
gpin characteriatlics and lelng. In addition other specialized non-sircraft tunnels
are ueed in meteocrological experiments, evaluating bullding designe, designing
windmills, evaluating automobile shapes snd testing skiers and skydivers.

Wind Tunnel Technologyt

Whan an alrcraft moves through ale, the alr viscosity, elastlcity snd gravity
create forces which act on the alrcraft. The lmportant force ratios, namad after
thair discoverars, are Heynclds nuaber, Mach nusber and Proude numbar. Low spesed
wind tunnel tests are significantly Influenced by Reynolds number effoctso.

If a model test has the same Raynolds and Mach numbare as the full mcale
airceaft, then the flow about the model and the full mcale alreraft will be
identloal; the forces and moments generated by the model can be directly scaled up

*subsonic - up to Mach 0.4; Transonlc up to Hach 1.3; Supersonic up to
Hagh 4.0 to 5.0; hypersonic greataer than Mach 5.0 (Pope 1954:37).

“The naclons of the world support aeronautical research, of which wing
tunnal tastlng i@ & major item, according to their abllities and deslees.
Usually each natlon sets up A separate organization that augments the
sctivicion of the armed services, and further work is farmed cut to
universlties and ladustry. In the United States this central agency ls the
Hatlenal haronautice and Space Adminlstration, with offices in Washington,
D.C, and whose laboratories ara at the Ooddard Space Filght Center in
Maryland, the Langley Reseacch Center Lkn Virginla, the John F. Xennedy Spaca
Canter Ln Florida, the Marahall Space Flight Canter in Alabama, the
Hisalsalppl Tesnt Facility in Mississippi, the Manned Spacecraft Center in
Texas, the Lewis Roscarch Center in Ohlo, the Plight Research Center in
California, the Amos Research Center Ln Califernim, and the Jet Propulmion
Laboratory in california.

In addition the armed services have tunnels of their own. The Air Porce
has several at Wrlght-Patterson AFB, Ohio, and at Arnold Englneercing Da=-
valopmant Canter, Tennessda. The Navy has tunnels at the David Tavlor Haval
Ship RED Center in Cardercck, Maryland and tha Naval Ordnance Laboratory at
White Oaks, Maryland. The Acmy has tunnels at the Aberdsen Proving Grounds,
Haryland and Ames Reesarch Center, Callfornis. 1In addition, nearly evesy
alreraft corporation has at least one wind tunnel.

Source: 1954 Wind Tunnel Testing-2nd edition; Alan Pope Wiley, Hew Yerk
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to the full sired alrecaft’. In low speed tests, Reynolds nunber effects predominate
whila Hach numbers are critical in high speed testing. The Froude number is of
consequence chiefly in frese-flight or spin testing.

There are two basic types of wind tunnsl, open circult and closed return. In
an opan clroult tunnel, the alr follows & straight path from the entrance through a
constriction to the tast sectlon, diffuser and fan secticn to an exhaust. Tha tast
section may be open (ELffel type) or it may be enclosed (oclomed jet).

Alternativaly, a tunnel may be the closed return type. In thio tunpel the sir
circult is contlnuous, Most tunnels have s single Teturn path for the air however,
tunnels with doubls return pathe have been bullt, one of which ls & subject of this
report. Tha closed clrcult tunnel may have either & ocloeed or opan test saction®.

Tha Origins of the Matiopal Aeronsutics and Space Administration:

The present National Aeronautices and Space Administration (NASA) was
establlahed Ln 1958 a8 an expansion of an earlier agoncy, the Watlonal Advisory
Committae on Aeronautlcs (MACA). NACA's misslon wae oriantod te tha practical
solutlon of enginssring probless facing the aircraft industry and the milltary.

Tha account of how MACR, its research facllities and wind tunnels cams into being Le
& vital part of the hlstory of aviation technology.

For mevéral yewars after the Wright brothors proved that a flying machine was
feasible with thelsr fleet flights in 1503, American interest in thelr accooplishment
langulshad. Five years elapsed before thelr achlevement was recognized. Ten years
after thelr (Llret flight, the "flying machine” was still & novelty. Naverthelese,
practical pasesnger carryling aircraft capable of being airborne for three or four
rhourd had been developed by 1911°. In Eurcpa, tradition advanced the
institutlonalization of science and major ssronautical research prograss wera
initiated before tho start of World War I. Buropean militarists realirsd that the
alrplane had potentlal uses in battle and funded research to develop combet and
reconnalasanca alrcraft.

At the lnaugural meetking of the American Merunautical Scoiety in April 1911,
several mambers endorsed the idea of developing 2 national meronautics Labaratory,
Buresucratic sguabbling and the insbility of governmental leaders to ses aercnautics
28 3 naw tachnology with vast potential for American business slowed acceptance for
tha concept. Continual urging from Charles Doclittle Walcott, Escratary of the
Smithaonlen Institution, and others led to the crestion of an adviesry committes for
aercnautles. Congress passed a proposal to croate the committes on Mareh 3, 191§,

*Reynolds nunber can be increased by raising the tunnel pressure. Howsver
this places greater loads, stresses and deflections on the model. Valocity is
generally linked to the airspeed at which the model La being evalusted and
cannot ba changed arbitrarily. Yodsl length le related Lo the wlze of the
tunnel. Gases other than alr have been used but results vary froo those
usually obtained in air. Viecosity L{e the cnly paraseter left Lo be adjusted,
It can be reduced by lowering air temparatura.
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The Houme Committes on Naval Affairs was favorably disposed and attached the
Naticnal Advisory Committee for Aeronautice (NACA) charter as & rider to & naval
appropriaticn bill. MACA wasm funded with mn approperlation of §5000°.

Land was acqulred in Hampton, Virginia and NACA broke ground for its first
laboratory building on July 17, 1917. The new Linstallation was named after Professor
Sanuel F. Langley of the Smithsonian, one of avistion's plopesering researchars.

Tha Wisd Tunnels st Langley:

The new Langley Memorlal Laborstory (LHMAL) had essentially no experlence Ln
wind tumnnal design and cparaticn. The first Langley tumnel was & near dupllcate of a
#mall tunnel at the British National Fhysical Laboratory. Tha tunnel had no ceturn
chreult and was powered by a 200 horsepower slectric motor which provided winds of
up to 90 mph'., This tunnel was regarded as & learring device; it did pot provide
data for aircraft design.

buring cthe ploneering pericd of astodynamic ressarch, engineers found that the
fiight characteristica of a small modal could not be directly applied to a full-
eized airplane without uweing & correction factor. Hodels and Full-siced alroraft
behaved differently under dynamic conditions. Reynolds number of 1/20th sized scale
modals being tested at operational alrspesd would be too low by a factor of 20.
Howsver, #ince the Reynelds number is proportional to alr deneity, models tested at
a0 atmoepheres would yield a Reynolds gumbar identlical to those obtalmed in full-
Blzed testing. This method was successfully used Lo WACA's varlable-density wind
tunnel [(VYDT) whede tests were conducted at ths sama Reynolds number as would be
eéxparienced in flight”.

The variable-density wind tunnel offered a satisfactory means for testing the
componant partd of an alrplane and was particularly suitable for conducting
fundamental reswarch on experimental alrfoil sections and streamlined bodies. It
achleved s distinguished reputation in Lnternaticnal aeronautlcal circles'. However,

‘Langley'ns early reputation as an rencwned resesrch facillty reated on
the work dona at its variable density wlnd tunnel. Max M. Munk, a
distinguleshad German asrodynamlcist, waw retalned by NMACA as & technical
asslotant to enhance the sclentlflc and thecretical aspects of its work. Munk
and the Langley enginsering staff developed a pressuriszed wind tunmel in 1921.
With the ues of a pressurized tunnel and #cales sodels, the englneers ware abla
to develop a range of alrfoll shapes and catalog their characteristics. This
wag a mignificant etep in applying rigorous thecretlcal kmowledge to
developlng practical wing shapes.

“The scientific community appreciated the valuable sprodynanic research
data being produced. The Aercplans of London assertad:

The only pecple sc fir whe have been able to get at somathing llke
accurate results from wind cunnel experimants are the workars at the
exparimantal otation at Langley Fleld. . . .
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the VDT could not evaluate the asrodynamlic characteristics of a complote airplane.
It was not equipped to answer guestlone about how rotating propallers affacted
sircraft controllabllity. Intecference effects created by alrcraft cosmporants could
not be gquantifled. Perbaps most significantly, drag penaltles dus to external
struts, surface gaps#, alr leaks and angine cooling installation could nat be
affectively assessed with models.

Bualistically, it was impossible to bulld a model of the required slze that
would be a true ceproduction of an entire alrplane. In addition, for wind tunnel
teating, any models had to be designed to withetand large forces. The strangth of
available materisls would net allow scale-down to acceptable sicas,

In view of the limitations of the VDT, the alternative was to tast
exparimantal full-sized aircraft in flight or build a tunnel large encugh to test a
full sized alroraft. Thers was &4 clear-cut need for a full-scale tunnel. Prior
exparlance with the Propeller Research Tunnel, & largo-scala facility, demonetrated
that a full-scale tunnel could be bullt. Because of the variation in atmospheric
conditions, flight testing requirod many check flights zo average cut the variance
in data. Alterations suggested by flight tests were often limited to those that did
not slgnificantly influence the welght or airworthiness of the alrplane. To provids
& means of full-pcale investigation undor controlled conditlons sad alterations made
whthout serious limitations, HACA bullt a full-scale wind tupnel {(FST).

Thae Full=-fcale Wind Tunnel:

The Full=-scale Wind Tunnel is located in the city of Hampton, Virginla at the
Langley Research Center of the Hational Aeronautice and Space Administration (MASA).
The boundary of the facility ls defined by the cutside perimeter of Bullding 643 in
the East Area of the Langloy Ressarch Center. The legal description of the property
is located at HAER'm Real Proparty Hanagement Office, Code KXG, Washington, D.C.
20545,

HACA authorized construction of a full-scale wind tunnel in February of 1929,
Under the leadershlp of Smith J. DeFfrance, a design team began work in
tha spring. Cther key membera of deslgn team were Abraham Silvecstein, Warcy J.

Gogtt and Clinton M. Dearborn’. DeFrance, Silveratsin and Goett eventually bocama
NACA/MASA Center Dirsctors™.

“Ihe Main Conmittee of the NMACA met in Washington, D.C., twice a year,
the annual meeting being held in Ootcber and the semiannual mesting in April.
Among the matterd dlecussed at the somiannual wmeeting on April 18, 1929 was
the [orthcoming constructlon of a full-scale wind tunnel and a seaplane
channel at Langley. Freseot were: John F. Victory, secretaryj Dr, Willlam F.
Dursnd; Dr. Orville Wright; Dr. Ceorge K. Burgess; Brig. Gen., WLlllam K.
Glllmore; Ma), Gen. James B. Fechet; Dr. Josaph . Amés, chairman; Hear Adm.
David W. Taylor, USN (Ret,}, vice chalrwan; Capt. Bsory 8. Land,- Rear Adm.
Willlam A. Moffett; Dr. Samuel W. Stratton,- Dr. Gecrge W. Lawle, director of
asronauvtlcal ressarch; and Dr. Charles ¥, Marvin.
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The full-scale wind tunnal was used to determine the lift and drag
characteristics of a complete alrplane. Englneers were able to study the control and
stability characteristice of an alrcraft beth with and without the slipstream. It
would alsc allow the study of body interference with alr flow, A moveabla bridge
permitted techniclano to pesition directlon and veloclty of flow sensors at any
point arocund an alrplapse. Alrcraft engine cooling and cowling problems were also
invastigated under conditicns similar to those in flight.

The P5ST was to be the first wind tunnal constructed with an elliptlc throst
and wlth two propallers mounted side by side. A 1/15th scale model was conatructed
to atudy possible flow problems. Tha scale msodel conflrmed that the design was
practlical. This device was later deed for small socale testing.

An inietial appropriatlion of $900,000, allotted before the start of the grast
dapresslon, allowed NACA to purchase materlals and labor at deflated prices. Thera
wan a pool of sakilled engineers and laborers avallable and tho work started in the
spring of 1930. The tunnel was operated for the flret time on May 27, 1931 during
the Sth Annual Alrcraft Engineering Confersnce'. It io housed [n bulldipg 643, East
Arwa of Langlay Research Center.

Tha FST is of the double-return flow typo, That is, the alrflow from the dual
propellers wae split right and left lnto two streams. Doubling hack batwsen the test
saction and the building's wall, the stroeams reunlted prier to the throat of the
taat section. The tunnel has a 30 by 80 foot opan throat at the test secticn. On
@lther eide of the test chamber im an alr return passage 50 feet wide, with a helight
varying from 46 to 72 feet. Tho outslde walle of the bulldlng functicn as the cuter
walle of the roturn passage. Tho air is circulated by twe propellers 35 feost 5
inches in diameter, located slde by slde, and each directly connected to a 4,000-
koreepower slip-ring induction msotor,

The original zmotor control equlpment permitited varying the speed in 24 steps
batween 25 and 118 =miles par hour. Later modlfications limited speed to 100 mph®.
The FST wae equipped with a &S—component balance for obtaining the foroes in 3
diraorions and the moments about the 3 axes of an alrplane. The struts Linking the
airoratt to the balance were streamlined to minimize interference with the alr
#traam. Force data from all scales was simultaneounsly recorded at preset intervals.

Whan the tunnel was calibrated tests showed that the dynamlc-pressure
digtribution in the test saction wad within + 4 percent of a mean walug'. The FST
alr stroam had a very small amount of turbulénce. Subsequent sircraft flight tosts
agreed with test data cbtalned im the tunnel.

‘Based on the mean velooity of 118 miles per hour at the jet, the ratio
of the kinetic energy per sscond to the anergy Lnput te the propellars per
second L5 2.84. Since a long open jet Lle a source of energy loss, the above
figure was concldered very matisfactory,
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Fachnleal Descripticn of the Pull-Bcals Tunnel:

The following description of the tunnel Le excerpted from Smlth J. DeFfrance's
raport Humber WACA TH=459"", The final report was published at the cenclusion of the
constructlon and evaluation of the prodject on March 13, 1933.

Dinenslogs /Haterinla:

The over-all length of the tunnal is 434 fest 6 Inchee, the wldth 222 feet,
and the maximum height 97 faet. The bullding framework (s of structural steel and
the walls and roof are of 5/1f6-inch corrugatsd cesent asbestos sheets (Carcyetona),
The entrance and exit cones are conmtructed of 2-inch wood planking, sttached to a
stesl framd and covered on the incide with galvanized sheet metal as a protectien
agalnet fire.

Enzrance Cone:

The entrance cone La 76 feet in length and in this dilstance thae cress sectlon
changes from a rectangle 72 by 110 fest to a 30 by 60 foot elliptle section. The
area reduction in the ontrance cone le alightly less tham 5:1. The shape of the
anLrance cone was chosen to provide constant acceleration to the alr stream and to
retaln & 9-foot length of norrle for directing the flow.

Iant Chasber:

The teet chamber, ln which ls located the working section of the jet, is 80 by
112 fooc. The length of the jet, or the distante betwsen the end of the entrance
cone and the spallest cross sectiocn of the exit-cone collector, is 71 feet. 20 by
10 fect doors locacted in the walls of the return passage on the wost side provide
acooas for alrplanea. Tracks attached to the roof trussos and
ruoning acrose the test chamber at right angles to the air stream and in tha
directicon of the alr stream support an electric crane for lifting the alrplanes onto
the balance. g

Exiy congs

A mmocth falring located forvaerd of the prepesllers sand on tho canter line of
the tunnel tran#fcrms the somewhat elllptic section of the slngle pagsage lnto two
elroular ones at the propellers.

From the propallers aft, the exlt cone le divided intoc two passages. Each
transfcome from a 35-foot & Y—inch clroular section to a 46—foot sguare over a
length of 132 fest. The Lncluded angle between tha sidoo of sach passage Ls &
degroes.

Eropallecn (Faomiy:

The propellers are located eide by side and 46 feet aft of the throat of the
@xit-cone bell. Thoe propsllers are 35 feet 5 inches in diameter and each consists
of four caet aluminum alloy Bladem screwed into a cast-steel hub. (The original
alusinum propallece did nob perform as expected and wore replesced by woodan blades
ocon after the tunnel wae completsd.) Later nomenclature dooignated propellecs as
"fana."*

Hatora: ) :
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The most commonly used power plant for opearating wind tunnels is a direct-
current motor and motor-generator set, with a Ward-Lecnard control systesm. For tha
F3T Lt was found that alternating current slip-ring Llnductlon motors, together with
satisfactory control equipment, could ba purchased for approximately 30 paccent less
than the conventlonal direct-current equipsent. Consegquently, two 4, 000=horsepowsr
slip-ring induction motora with 24 steps of spesd between 75 and 300 r.p.m. were
inwtalled. In order to obtaln the range of speed; one pole change was provided.
Other variatlions were obtained by the introductlon of reslstance in the rotor
circult. This control permitted a varlatlion in alir speed from 25 to 118 miles per
heur. The bwo motors are connected through an sutomatlc swltchboard to one drum-
Lype controller located in the test chamber. All the control eguipment im
inteérlocked and connected throough tima-dalmy relays, sc that regardless of how fast
the coptroller handle is moved the motors will lmorease in apeed at regular
predetermined intervals.

The motors are provided with ball and roller bearings, which reduce the
friction losses to a minimam. Roller bearlngs of 8.5 and 11.8 inch bores are
provided at the slip-ring and propaller ends respectively, while the thrust of the
propellers Ls taken on a ball bearing at the rear end of each motor shaft. The
mcters are mounted with the rotor shafts centered in the exit-cone passages. The

motors and supporting structure are enclooed in fairings w0 that they offer a
minimun resistance to the alr flow.

Guide vanes:
The alr is turned at the four cornecs of each return passsge by gulds vanas.
These vaneo are of the curved-airfoll typs formed by two intersecting arce with a

rounded nose. The arce wers designed to glve & practically constant area through
the vanews.

Tha vanes at the firet two cornere back of the propellere have chords of 7
fewt and are spaced at 0.4% and 0.47 of a chord length, respectively. Those at the
opposlte end of the tunnael have chorde of 3 fest & Lnches and are spaced at 0.41 of
A& chord length, By & proper adjustmont of the angular setting of the vanes; an
accaptable velocity distributlon was chtalned. No honeycondy dLffuser was needed to
smooth distributicn.

DAlAnce:

The balance, which is of the &-componeant type, Lls shown diagrammatically in
Figure 4. Hall and mocket fittings at the top of each of the atruta A hold the axles
of the airplanos to be tested; the tall ke attached to the triangular frame B. These
otrute are setured to the tuentable ¢, which is attached to the floating freme D.
This framaé reéatd on the strute B, which tranemit the lifr forces to the scales F.
The drag gage G Lis attached to the floating frame on the centar llne and, working
agalnat a known <ounterwelght H, tranomits the drag force to the scale J. The crowss=
wind force linkages K are attached to the floating frame on tha front and rear sides
et the center line, Thees linkages, working againet known counterusights L,
tranamit the cross-wind force to scales M. In the above mannar the forces ln thoes
diractions are neasured and by combining the forcaes

ard the proper lever arme, the plitching, rolling, arnd yawlng moments can be
computed.
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Dial acales were used and provided with solenold-cperated printing devicas.
When the proper test conditles is obtained, a push-button switch im momentarily
¢losed and the readings on all seven scalss are recordsd simultanecusly, elininating
the posslbillty of human rsading erroras.

Tha triangular frames B is caused to telescope by electrically operated screws
which ralee and lower the tall of the airplane and thereby vary the angle of attack.
By & similar mechaniss the turntable © can be BOVed 8o as to yaw the airplane from
20° lafe to 20" righe.

The entlire [loatlng frame and scale asseably was enclogsd in a room for
protection from alr currents. Supporting struts are shialded by ostreamlined falrings
which are secursd to the roof of the balance room and fres Crom the balance. The
tare-drag nessurements are therefore reduced to a minimum.

ducvey equlpment:

A S5-foot etructural wteel bridge is attachsd to the bottom chord of the roof
truseen. Thie could be rolled across the full width of the tost chamber. A car waa
mounted on thie bridge and could be rolled along the entire length of the chanbar.
A combined pltet, pitch, ana yiw toba was suspended below the car. Tt could be
ral#ed or lowered and pltohed or yawed through gearing controlled alectrically from
the car. Thie arrangement permltted tha allghment of the tube with the air flow at
any point arcund an airplane. The aligement of the tube is indicated Ly null
readings on the alcohol manometers connected to the pitch and yaw opanlngs in the
head, The angle of pltoh or yaw is read from calibrated Veeder counters connected to
the electric operating motors. This equipment was useful for studying the downwash
bahind wings and the flew arcund the tall surfaces of an alrplana,

Contributions of PST Experimentation;

Drag testm in the P5T revealed substantial performance penalcies from extarnal
atsute and other exposod components on alrorafe, In April 1938 the navy believed the
250-mlle—pec-hour flight test performance of its new axperimental flghter, the
Brewster XFIA Buffalo could be improved. The Langley staff was directed to look faor
"kinks" or "bugs® ln tha plane's deslgn and to determine, within one wawk, “what
drag reduction may be expacted from changes that can readily be ingorporated in the
svent thet thle type is put inte production.” The FET engineers mounted the Iria=-1
en the balance of the 30 x 60-foot wind turnel and started a painstaking drag
cleanup lnvestigation,

Aftor five days of testing the englnesrs dotermined that Browsber dosignara
had disregarded tha aerodynamio importance of the projecting landing gear, exhaust
stacks, machine—gun installation, and gun oight, The ocombined effect of thegs
protruglons was teo produce unacceptably high drag. By modifyving the XFIA-1 to
minieize the projections, the top speed of the Breweter prototype was lnereased by
i1 miles per hour to 281, more than a 10 parcent improvement in performance'.

Practlcally every high performance aircraft used by theé United States during
World War II was routed through Langley and checked out in the PST for “drag cleanop
testn.” The facility operated 24 hours a day = 7 days a wesk during World War II.
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Batwosn April 1936 and November 1940 Langley tested 19 different military prototypes
in the 78T with the cbjective of improving performance'. The FST proved to be so
useful that WACK bullt an even lacger version at the Anes Besscarch Center in 1944,
Tha FET's huge space allowed asrodyvnamic testing of an assortmant of othar vehleles
which Lncluded dirlgiblas, scbearines, radar antennas, gliding parachutas,
inflatable alrplanaa, and free-flying modals.

The maximum alr-spesd of the tunnel was roughly equal to the top spaad of sost
eireraft flying whan it was bullt, arcund 100 mph. Prior to World war II the maxisom
speed of aircraft surpassed that of the FST. Low speed data cannot be extrapolated
on to the coparating envelops of transonle and supersonic alrcraft, Yet transonic and
supersonic aircraft ocperate at relatively low speeds on take-off and landing. Wing
and alrfoll sectlons designed for high speeds usually have pocr low-speod
characteristica. The F5T was used to investigate ways of reducing poor low-speed
charactaristics on full or large scale alrcraft',

The PST was cofmpletely rehabllitated after 48 years of active, useful life.
In 1977, whén the refurbished tunnel had been returnod to cperation, sxparisants
ware conducted on Aolutlons to landing problems of the suparsonic transports
vehicle, & concept not even remotely envisioned by tha origlmal tunnel deslgners'.
Tha F5T was alao mat up for free-flight testing of subecale models. Flgure 5 ghows
the set up for fres-flight tunnel teste. High-angle-of-attack flight dynamics for
advanced fightsr designe were studled with free—flight mcdels. Additlonal work in

'Langley Drag Reduction Program

Rassarch

Authorizaticn Date Alrplana

EC3 June 1938 Sraweter IFIA-1 Buffalo

EDG June 1938 Crumman F3F-2

0T June 1338 Crumpan LF4F-2 Wildcat

533 August 1538 Vought-Slkoraky $BIU-1 Vindicator
635 Auguot 1938 Curtine XP-37

616 August 1938 Curtiss P=3GA Mowhawk

83T Ruguet 1938 Curtiss XP-40 Kittyhawk

£46 Decembar 1938 Douglas XMT=2

B47 December 1938 Curtisa YP-17

&7 June 1939 fovaraky AP-41

E74 June 1939 Ball XP=3%9 Adroocbra

£5% Faptembar 1939 Curtiss XP-42

698 Septembar 1939 Grumnan XFAF-3 Wildeat

0% Hovember 1939 Curtiss XP-46

719 Hay 1940 Raopublic XP-47 Thunderbolt
46 Septamber 1940 Chance Vought XF4U-]1 Corsalr
796 October 1940 Browster XAFZA-2 Buffalo

87 Qotobor 1940 Curtiss XS03C-1

a1l Noverbar 1940 Consolidated XB-32 Dominator

Source; Langley Research Authorlzation Files (EIC 1%6)
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1984 included work on the electric motors powering the fans. Prier to shut-down,
resaarch was directed at low-spesd aerodynamics, static and dypnamic stability and
cantrol and flow characteristice of milicery, general aviation and commuter
aircraft.

Conclusion:

The Full-Scale Wlnd Tunnel at Lapgley wae the oldest cperating wind tunnal
within MASA when it was decomsmissloned. It was contlnucusly cperated for 64 yeare.
Encwn in later years as the 30 by S0-Fook Tunnsl, Lt performed its original misaion
of testing lacrge airoraft at actual flight spesds. It wasz vital in reducing the drag
of World War II fighter sircraft and ite test data resultsd in substantial
parformance improvements.

™The tunnel's capablllities were improved to study fllght characteristice of
sub-scale models and for research on advanced and experimantal designs. The Full-
S8czale Tunnel's contrlbutione to sercepacea technology were officially recognized in
1985, vhen it was named a U.8. Hatlonal Historio Landnark. The FST Le an outstanding
example of a major WACA facllity that expandsd intc a varlety of additional uses not
visualized when it wae designed, It contyibuted to alrcraft ressarch over a period
of ploneering dosigns from early 1930s alrplanes to hypersonic aircraft and opace
reentry wvehicloas Like the space shuttle.
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Figure 2 - Acrial view northwest of the Full-Scale Wind Tunnel - 1989
Source: NASA Langley Research Cenzer - ¥L85-07075; Photographer Bill Salyer
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Figurc 3 - Plan and Elevation, Full-Scale Wind Tunnel
Source; TR No. 459 - NACA Full-Seale Wind Tunnel
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Figure 4 - Schematic Drawing of the FST Balance, Full-Scale Wind Tunnel
Source: TR No. 459 - NACA Full-Scale Wind Tunnel
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Figure 5 - Loemng XSL-1 single engine Navy seaplane - October, 1931
An early test in the Full-Scale Wind Tunnel
{

Source; NASA Langley - Photograph # 1.-5925
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FPull-Scale Wind Tunnel

HASA Langley Ressearch Canter,

Figure 6 - Full-Scale Tunnel - Set up for Free-Flight testing
Source: NASA - Langley
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(3 Photo Display

13. Photocopy of photograph (original in the Langley Research Center Archives, Hampton, VA [LaRC]) (NACA

WIND TUNNEL UNDER CONSTRUCTION.
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4655) VIEW LOOKING NORTH AT THE FULL-SCALE

vall

E ﬁf’
===

4'-:"‘.}'

gy =

'
|
¢,

e TS

Larger reference image (JPEG - 203K bytes)
Hivhest resolution imase (TIFF - 21102K bvtes)
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Highest resolution image (TIFF -

728K bytes)
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